The synthesis of the natural product 3-epi-casuarine and two tricyclic ether bridged analogues, plus 7-deoxy-3,6-diepi-casuarine, 7-epi-australine, 1-epi-castanospermine and 1,6-diepi-castanospermine is described. The glycosidase inhibitory activities of these compounds, along with that of uniflorine A and other polyhydroxylated pyrrolizidines and indolizidines that we have published before, are reported. 
Introduction
The polyhydroxylated 3-hydroxymethylpyrrolizidine group of natural products includes, uniflorine A 1, 1, 2, 3 casuarine 2, 4 australine 3, 5 3-epi-australine 4 6, 7 ( Figure 1 ), alexine 8 (7a-epiaustraline), several other epi-australines (1-epi-australine, 3-epi-australine, 2,3-diepi-australine, 2,3,7-tri-epi-australine), 9 1-epi-australine-2-O--glucoside, 3-epi-casuarine, 10 and casuarine-6-O--glucoside.
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The hyacinthacine alkaloids are a more recent addition to this group of which nineteen novel compounds have been identified. 12 This group, along with the polyhydroxylated pyrrolidine, piperidine, indolizidine and nortropane alkaloids, have glycosidase inhibitory activities and thus have potential utility as antiviral, anticancer, antidiabetic and antiobesity drugs. 7 Three structurally related synthetic compounds have been marketed as antidiabetic drugs to treat type-2 diabetes based on their potent -glucosidase inhibitory activities while others have been identified as candidates for therapeutics to treat type-1 Gaucher disease. 7 These potentially useful biological activities along with the stereochemical richness of these alkaloids have made these compounds attractive and important synthetic targets. 13 We recently reported the synthesis of uniflorine A 1 from the chiral 2-substituted-2,5-dihydropyrrole 5 (Scheme 1) which is readily prepared in four synthetic steps from L-xylose. 13 We also demonstrated that compound 5 is a versatile precursor for the diastereoselective synthesis of the alkaloids casuarine 2, australine 3 and 3-epi-australine 4 and the unnatural epimer, 3,7-epi-australine. In this paper we describe our attempts to prepare the natural product 3-epi-casuarine 7 10 from the epoxide 6 that we have synthesized previously in seven steps from 5.
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This synthesis also resulted in the formation of two tricyclic bridged ether analogues of 3-epi-casuarine. The synthesis of 7-deoxy-3,6-diepi-casuarine , 7-epi-australine, 1-epi-castanospermine and 1,6-diepicastanospermine is also described. The glycosidase inhibitory activities of these compounds, along with that of uniflorine A 1 and other polyhydroxylated pyrrolizidine and indolizidines that we have published before, are reported.
Results and Discussion
Our anticipated synthesis of 3-epi-casuarine 7 from the epoxide 6 (Scheme 2) involved a regioselective ring-opening reaction of the epoxide moiety of 6 with NaHSO 4 , 14 a reagent that
we had successfully applied to the synthesis of casuarine 2 from 3-epi-6.
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Scheme 2
The epoxy-pyrrolizidine 6 was treated with NaHSO 4 /CH 2 Cl 2 under the conditions that we described before 13 except that heating at 50 °C was continued for 7 d (Scheme 3). We attribute the slower rate of epoxide ring-opening of 6, when compared to that of 3-epi-6, to the increased steric hindrance of the -face of the epoxide moiety due to the 3--CH 2 OTBS substituent.
Because of the slow reaction rate hydrolytic cleavage of the OTBS group also occurred resulting in a mixture of products that was difficult to separate. Acetylation of this mixture and then separation by column chromatography gave the desired acetylated product 8 (7% yield), the epoxide 9 in 9% yield and the undesired tricyclic bridged ether products 10 (8%) and 11 (17%) (Scheme 3). The isolation of epoxide 9 indicated that OTBS cleavage was faster than either the intermolecular or intramolecular (leading to tricyclic bridged ether products) epoxide ringopening reactions. Unfortunately, several attempts to improve the yield of the desired compound 8 were not successful. While the use of a more stable protecting group for the primary alcohol group in 6 may have been more efficient this variation was not examined. The reasons for the difference in the magnitude of the optical rotation between our synthetic 7 and the natural isolate were perhaps due to the relatively small amount of sample we had, compared to that obtained from the natural source, which may have lead to difficulties in drying (slightly hydroscopic) and weighing our sample.
The relative ratio of 10 and 11 (ca 1:2) was consistent with their relative heats of formation as calculated using PC Spartan (AM1). The calculated heat of formation of 10 (─122.3 kcal/mol) was more than that of 11 (─129.8 kcal/mol) suggesting 10 had more ring strain than 11. This energy difference would be expected to be reflected in the differences in transition state energies leading to these regioisomeric products. The identities of 10 and 11 were established by 1D and 2D NMR analysis. The 1 NMR spectrum of 11 (H-7) resonated at 4.97 (brs, W 1/2 = 1 Hz, 1H) ppm and showed a weak COSY cross peak to H-5 (W-coupling). The calculated dihedral angle from PC Spartan (AM1) between H-7 and H-6 was 99.2° and between H-7 and H-7a was 128.8°. From the Karplus equation J 6,7 should be 0─3 Hz and J 7,7a 3─7 Hz. The coupling constants observed for H-7 were consistent with the calculated J values and the structure of 11. The structures and relative configurations of 10 and 11 were further supported by NOESY NMR experiments (Figure 1 ). The NOESY correlation between H-7a and H-5 in 10 indicated that these protons were on the same face of the ring. The correlation between H-5 and H-8 indicated that H-3 was on the opposite face to H-5. The NOESY correlation between H-3 and H-2 indicated that they were on the same face of the ring. Furthermore NOESY correlations between H-6 and H-8 further supported the structure of 10 as shown in Figure 1 . NOESY experiments on 11 showed correlations between H-7 and H-1, H-7a and H-5 and H-2 and H-3. H-5 showed a weak correlation to H-8. These correlations further supported the structure assigned to 11.
The acetate group of 10 was first removed using amberlyst (OH In order to prepare further polyhydroxylated pyrrolizidine and indolizidine derivatives for testing as glycosidase inhibitors several compounds that we obtained as byproducts from our earlier studies 13 were deprotected and/or modified as indicated in the following discussion. The alcohol 14, 13 which we had obtained as a minor regioisomeric product from the reductive ringopening reaction of 6 with LiAlH 4 , underwent hydrogenolysis over PdCl 2 /H 2 to provide a product that was difficult to purify. This material was subsequently acetylated by treatment with however, were all consistently 1.7─1.8 ppm downfield of those reported previously. However the internal reference used in the published 13 C NMR spectrum was not reported. Table 2 The glycosidase inhibition of synthesized compounds (Mean % Inhibition at 143 g/mL). 
Compound No. Structures
-D-glucosidase -D- glucosidase -D- galactosidase -D- galactosidase -D- mannosidase -D- mannosidase N-acetyl--D- glucosaminidase - glucuronidase (Yeast) (
Conclusions
The total synthesis of naturally occurring 3-epi-casuarine 8 was achieved in 13 steps and in 0.4% overall yield from L-xylose. The low overall yield was due to a poor yielding epoxide ring-opening reaction due to a competing intramolecular epoxide ring-opening reaction involving the 3--hydroxymethyl substituent. We also report the synthesis of two novel tricyclic ether bridged analogues of 3-epi-casuarine, plus 7-deoxy-3,6-diepi-casuarine, , 7- To a solution of 17 (37.9 mg, 0.079 mmol) in MeOH (2 mL) was added PdCl 2 (20.9 mg, 0.112 mmol). The mixture was stirred at rt under an atmosphere of H 2 (balloon) for 12 h, followed by the dropwise addition of conc. HCl (10 drops), The mixture was stirred at rt for 3 d. The mixture was filtered through a celite pad and the solids were washed with MeOH.
11:R f 0.32 (100% EtOAc). MS (ESI +ve) m/z
The filtrate was evaporated in vacuo and the residue was dissolved in water (1.5 mL) and applied to a column of Amberlyst A-26 (OH ─ ) resin (3 cm). Elution with water followed by evaporation in vacuo gave 1,6 diepi-castanospermine 18 in 95% purity, as a yellow viscous oil (14 mg Hz, H-8a), 1.67─1.62 (m, 1H, H-2). To a solution of 22 (9.0 mg, 0.019 mmol) MeOH (1 mL) was added PdCl 2 (6.6 mg, 0.037 mmol). The mixture was stirred at rt under an atmosphere of H 2 (balloon) for 3 h, followed by the dropwise addition conc. HCl (4 drops). The mixture was stirred at rt for 21 h and was then filtered through a celite pad and the solids were washed with MeOH. The filtrate was evaporated in vacuo and the residue was dissolved in water (1 mL) and applied to a column of Amberlyst A-26 (OH ─ ) resin (3 cm). Elution with water followed by evaporation in vacuo gave 1-epi-castanospermine 23 as a colourless solid (3.3 mg, 94% 
